Infection with human papillomaviruses (HPV) is the most common sexually transmitted infection, affecting both men and women. Infection with high-risk HPV types (mainly HPV16 and HPV18) can lead to the development of various HPV-related precancerous and cancerous lesions, contributing to a considerable proportion of the global cancer burden among both sexes (1). Whereas cervical cancer is the second most common cancer to affect women aged 15 to 44 in the European Union, men are disproportionally affected by HPV-related oropharyngeal cancer (1, 2). In addition, anogenital warts and recurrent respiratory papillomatosis also affect both sexes. The burden of anogenital warts etiologically linked with low-risk HPV types (mainly HPV6 and HPV11) is staggering-approximately 680,344 to 844,391 new cases of anogenital warts could have been prevented per year in Europe only using the quadrivalent/nonavalent HPV vaccine (3).
Introduction
Infection with human papillomaviruses (HPV) is the most common sexually transmitted infection, affecting both men and women. Infection with high-risk HPV types (mainly HPV16 and HPV18) can lead to the development of various HPV-related precancerous and cancerous lesions, contributing to a considerable proportion of the global cancer burden among both sexes (1) . Whereas cervical cancer is the second most common cancer to affect women aged 15 to 44 in the European Union, men are disproportionally affected by HPV-related oropharyngeal cancer (1, 2) . In addition, anogenital warts and recurrent respiratory papillomatosis also affect both sexes. The burden of anogenital warts etiologically linked with low-risk HPV types (mainly HPV6 and HPV11) is staggering-approximately 680,344 to 844,391 new cases of anogenital warts could have been prevented per year in Europe only using the quadrivalent/nonavalent HPV vaccine (3) .
Approximately half of countries worldwide, including all members of European Union, have implemented HPV vaccination into their national vaccination programs (4) . In Slovenia, HPV vaccination was introduced into the national vaccination program in the 2009/2010 school year. It became the first non-mandatory statefunded vaccine in Slovenia, recommended for girls attending the sixth grade of primary school. Despite being fully state funded, the uptake of HPV vaccine among Slovenian girls remains around 50%, with marked differences among different regions and even among different municipalities within the same region (5) .
Although initially promoted as a vaccine against cervical cancer, it has become clear in recent years that the prevention potential of HPV vaccines far exceeds its original indications. However, similarly to Slovenia, the majority of national HPV vaccination programs in Europe provide free HPV vaccination to girls only (3, 4) . Despite initiatives by pediatricians and school medicine specialists, and overwhelming data on the importance of genderneutral vaccination, especially if vaccination coverage of girls is below 50% (6), boys are not yet included in the Slovenian national vaccination program. Moreover, due to the suboptimal HPV vaccination coverage of girls, it is highly unlikely that significant herd immunity has been established in the Slovenian population. Thus, following the previous success of municipally sponsored HPV vaccination for girls before the advent of the national HPV immunization program, some school medicine specialists decided to apply for municipal funds to cover the costs of vaccinating boys. Idrija and Cerkno were the first municipalities to offer sponsored HPV vaccination to boys in the 2014/2015 school year, showing promising results. Other municipalities soon followed. Hence, the aim of this study was to evaluate the acceptance and HPV vaccine coverage rates among boys that were offered the municipally sponsored HPV vaccine in Slovenia.
Methods
Only municipalities that provided free vaccination with at least two doses of quadrivalent (2014/2015 and 2015/2016 school years) or nonavalent (2016/2017 and 2017/2018 school years) HPV vaccine were included in the study. Similar to girls, boys were offered municipally funded HPV vaccination at the preventive care visit in the sixth grade after obtaining a parent's consent. In order to evaluate HPV vaccination coverage rates among boys attending the sixth grade, each of the corresponding pediatricians and/or school medicine specialists from all municipalities that provided municipally sponsored HPV vaccination were contacted. The medical records of all eligible boys attending the sixth grade were reviewed and data on the vaccination status were recorded. Boys who received fewer than two doses of HPV vaccine or were HPVvaccinated against payment were excluded from this analysis. All data were analyzed anonymously.
Results
The map of Slovenian municipalities that provide municipally funded HPV vaccination for boys is presented in Figure 1 . The number of municipalities that offer sponsored HPV vaccination to boys increased from two in 2014/2015 to 10 in the 2017/2018 school year (Fig. 1) . The greatest increase in the number of municipalities providing sponsored HPV vaccination for boys was seen in the 2016/2017 school year, when six municipalities decided on HPV vaccination. Table 1 presents the total number of eligible boys and the proportion of HPV-vaccinated boys in each municipality. Although the proportion of vaccinated boys was initially relatively low, ranging from 19% to 33%, HPV vaccine coverage rates among boys increased during 2016/2017 and 2017/2018, with five out of eight municipalities reaching over half of eligible boys in 2016/2017, which is similar to the overall HPV vaccination coverage rates of girls attending the sixth grade and participating in the national vaccination program. In the following school year, HPV vaccination coverage rates remained relatively stable, with the most pronounced increase in HPV vaccination rate among boys from the Municipality of Ormož (from 27% to 69%).
Discussion
In the 2006/2007 school year, shortly after first HPV vaccine became available, several school medicine specialists and pediatricians in Slovenia successfully applied for municipal funds to provide HPV vaccination for girls before HPV vaccination became part of the national vaccination program. When HPV vaccination was finally included in the national program in the 2009/2010 school year, all efforts focused on obtaining the highest possible vaccination coverage rates among girls attending the sixth grade. With mounting evidence regarding the burden of HPV-related disease and suboptimal vaccination coverage rates among girls in the national vaccination program, it has become clear that boys also need to be vaccinated against HPV. Based on the success of the initial efforts for girls, the same physicians again applied for municipal funds, this time to cover expenses for HPV vaccination of boys.
With this study we have shown that physicians, municipalities, and parents are inclined toward HPV vaccination of boys. Despite being available only since the 2014/2015 school year, municipally funded HPV vaccination for boys has achieved admirable results: the number of municipalities that offer sponsored HPV vaccine for boys increased from two to 10 in just 4 years ( Fig. 1) . Although sponsored HPV vaccination is usually more accessible in high-income countries and/or regions, we have shown that even small municipalities with a limited municipal budget can secure enough funds for HPV vaccination of boys. We are fully aware that this approach is far from ideal; it is not sustainable, and it creates substantial inequities based on where boys are attending prima- Almost all municipalities reached at least 50% vaccination coverage rates (Table 1 ). The substantial increase in HPV vaccination coverage from 27% to 69% in the Municipality of Ormož clearly shows that HPV vaccination rates are largely influenced by the knowledge of and attitude toward HPV vaccination of the school medicine specialist or pediatrician that provides the immunization program in a particular school. Moreover, data from this study clearly disprove one of the main concerns raised by some skeptics: that if boys were also included in the national HPV vaccination program, the coverage rates would be even lower than the already relatively low coverage rate of girls, claiming inclusion of boys in the national HPV vaccination program would yield no additional benefits. However, we have shown that the acceptance of municipally sponsored HPV vaccination of boys is comparable to or even higher than the national coverage in girls. Furthermore, some physicians who vaccinated these boys indeed also started to notice a trend toward higher HPV vaccine acceptance among girls following implementation of gender-neutral vaccination (data not shown). This is in line with previous reports suggesting that the acceptance of HPV vaccine might increase if the vaccine is offered to both sexes (7). Moreover, a recent Swedish study (8) showed that boys are generally in favor of free HPV vaccination within the national vaccination program. The reasons for vaccine acceptance were mainly altruistic; that is, promotion of public health, prevention of HPV-related neoplasms, and protection of their sexual partners. Notably, boys also perceived genderneutral HPV vaccination as a matter of equal rights, particularly because HPV-related diseases affect both sexes (8) . In addition, a pan-European cross-sectional survey on parental attitudes toward male HPV vaccination has shown that, following brief information about HPV-related disease in both sexes, the majority of parents are in favor of HPV vaccination of their sons with acceptance rates that were similar to those in girls (9) . Our results are in line with these observations, showing a positive attitude of parents toward gender-neutral HPV vaccination.
Unfortunately, HPV vaccination coverage of girls remains low to moderate in most countries with a nationally implemented HPV vaccination program, with only 1.4% of all eligible females worldwide having received a full course of HPV vaccination (10, 11) . It has previously been shown that girls-only HPV vaccination programs have the potential to induce herd effects if the coverage is high, also extending the protection to unvaccinated females and/ or males (12) . Interestingly, reductions in the incidence of anogenital warts were noted even in countries where only approximately 30% of eligible girls were vaccinated against HPV, although these reductions were significantly less evident than in countries with high overall coverage, such as Australia or Scotland (13, 14) , with no indication of cross-protection or herd effects (15, 16) . Thus, gender-neutral vaccination of early adolescents has the potential to maximize herd effects against vaccine HPV types in countries with low to moderate vaccination coverage. Moreover, high coverage in men appears to be crucial for also providing a substantial public health benefit to unvaccinated women (15, 16) .
Since the approval of the first HPV vaccine in 2006, there has been an increasing body of evidence regarding the burden of HPVrelated cancers in men (18) . In 2009, the Food and Drug Administration (FDA) extended the approval of the quadrivalent HPV vaccine to also include boys and men. The indications of the nonavalent HPV vaccine, first approved in 2014, were extended by including boys and men in 2015. Gender-neutral vaccination is an invaluable method for preventing HPV-related disease and is currently carried out in more than 20 countries, including Australia, Austria, Bermuda, Brazil, Canada, Croatia, the Czech Republic, Germany, Israel, Italy, Liechtenstein, New Zealand, Norway, Switzerland, the United Kingdom, and the United States (18, 19) . Australia has been a pioneer with respect to implementing HPV vaccination-it was one of the first countries to introduce a national HPV vaccination program for girls and young women, and one of the most successful ones in sustaining high vaccination coverage rates among the target population. Despite achieving high vaccine uptake among girls, Australia was the first country to expand eligibility for government-funded universal vaccination to boys in 2013. This decision was considered crucial for reasons of equity, especially because of the substantial HPV-related disease burden in males and due to the fact that indirect benefits of herd protection among men who have sex with men (MSM) are limited in female-only HPV vaccination programs. Moreover, an additional reduction in the prevalence of HPV infections and incidence of HPV-related disease (e.g., the incidence of anogenital warts) in women was expected with the advent of gender-neutral vaccination. Moreover, if the vaccination coverage reaches 80% in both sexes, HPV vaccine types could be eliminated if the vaccines confer long-lasting protection (19) . One of the most recent countries to announce the extension of HPV vaccination program to teenage boys is Northern Ireland, which will offer the HPV vaccine to all boys in year 9 at school from the 2019/2020 school year onward (20) . HPV vaccination of males is of utmost importance because cases of oral cancer are skyrocketing, especially among males. In the US and Wales, the incidence of oropharyngeal cancers in males has already surpassed the incidence of cervical cancer (21, 22) . Alarmingly, oral cancer now claims even more lives than car accidents in Northern Ireland (20) . Whereas in women naturally induced anti-HPV antibodies confer some level of protection against subsequent HPV acquisition and progression to precancerous and cancerous lesions, the protection in men is less pronounced because only a minority of infected men develop anti-HPV antibodies, leaving them largely unprotected against subsequent infection and consequent HPV-related diseases (15, 23) .
Thus, gender-neutral HPV vaccination ensures greater gender equity in the prevention of HPV-related disease. Boys and men should also be able to reduce their personal risk of HPV disease through vaccination, especially in high-risk groups such as MSM. Although women have traditionally been responsible for reproductive health, it is unfair for women to assume all the responsibility for preventing HPV-related diseases and other sexually transmitted infections (24). However, one major argument against implementing gender-neutral HPV vaccination has been the cost of sustaining such programs. Although initial studies did not identify gender-neutral HPV vaccination as cost-effective, numerous recent studies have refuted previous observations, proving that such an approach is indeed cost-effective, especially if the costs of treatment of oropharyngeal cancer and anogenital warts and the reduced number of doses of the vaccine needed are included in the mathematical models (25) . Thus, in April 2019, the European Centre for Disease Prevention and Control (ECDC) launched a public consultation on the draft guidance for introducing HPV vaccines in EU countries with a focus on the nonava-lent HPV vaccine and vaccination of boys and people living with HIV. The draft conclusions state that the addition of males to current national female-only HPV vaccination programs becomes increasingly more cost-effective with persistently lower vaccination coverage among females and lower HPV vaccine cost. Moreover, it has become clear that, if the objective of the HPV vaccination program is to prevent all HPV-associated disease, gender-neutral HPV vaccination seems to be the most cost-effective strategy (26) . Hence, we believe that gender-neutral HPV vaccination should be promptly implemented in the Slovenian national program vaccination program.
Conclusions
The exclusion of preadolescent boys from national HPV immunization programs has raised equity concerns: HPV vaccines have the ability to prevent HPV-related diseases in both sexes, especially in countries with girls-only programs where the HPV vaccine uptake has been too low to establish full indirect herd protection of men. The proportion of boys receiving municipally sponsored HPV vaccination in Slovenia during the last few years has ranged from 25% to 69%, suggesting that a significant proportion of boys can be reached using this approach. Our data thus reaffirm the fact that implementation of gender-neutral HPV vaccination in Slovenia will provide important additional protection against HPV-related disease in vaccine-eligible cohorts. In May 2019, the implementation process of gender-neutral HPV vaccination finally started in Slovenia. It is predicted that boys could be included in the national vaccination scheme from 2020/21 onward. Although municipally sponsored HPV vaccination of boys is not an optimal solution, it may serve as a bridge to gender-neutral vaccination.
